Empirical evidence has hitherto been inconclusive about the strength of the link between health care spending and health outcomes. This paper uses programme budgeting data prepared by 295 English Primary Care Trusts to model the link for two specific programmes of care: cancer and circulatory diseases. A theoretical model is developed in which decision makers must allocate a fixed budget across programmes of care so as to maximize social welfare, in the light of a health production function for each programme. This yields an expenditure equation and a health outcomes equation for each programme. These are estimated for the two programmes of care using instrumental variables methods. All the equations prove to be well specified.
Introduction
One of the most fundamental yet unresolved issues in health policy is the extent to which additional health care expenditure yields patient benefits, in the form of improved health outcomes. The work of health technology agencies such as the English National Institute for Health and Clinical Excellence (NICE) has greatly improved our understanding at the micro-level of the costs and benefits of individual technologies. However, there remains a dearth of evidence at the macro-level on the benefits of increased health system expenditure.
The empirical problems of estimating the link between spending and health outcomes are manifest. If one relies on a time series of health outcome data for an individual health system it is difficult to disentangle the impact of expenditure from a wide range of other temporal influences on health, such as technological advances, epidemiological changes, and variations in broader economic circumstances. Similar methodological difficulties arise if one attempts a cross-sectional comparison of different health systems. In particular, when seeking to draw inferences from international comparisons, researchers have found it hard to adjust for all the potential external influences on health outcomes.
There is furthermore the possibility that indicators of health system inputs, such as expenditure, are endogenous, in the sense that they have to some extent been influenced by the levels of health outcome achieved in the past. And the difficulty of satisfactorily estimating the impact of health system inputs on outcomes is compounded by the great heterogeneity of health care, the multiple influences on outcomes, and the rather general nature of the outcome mortality measure traditionally used.
This paper takes advantage of a major new dataset developed in English health care, in the form of programme budgets, which enables us to address some of the difficulties associated with estimating the impact of health care expenditure on health outcomes. The data present expenditure on 23 broad programmes of care at the level of geographically defined local health authorities, known as Primary Care Trusts (PCTs), and embrace most items of publicly funded expenditure, including inpatient, outpatient and community care, and pharmaceutical prescriptions. They make it possible to examine the link between aggregate expenditure in a programme of care and the health outcomes achieved, notably in the form of disease specific mortality rates.
The paper models the link between spending and outcomes in two of the largest programmes of health care: circulatory disease and cancer. We start with a brief review of previous empirical studies in this domain, which have rarely yielded conclusive results. The programme budgeting data are then described, and some descriptive statistics presented. We present a simple theoretical model of the budgetary problem faced by a PCT manager seeking to allocate limited funds between competing programmes of care. Well specified econometric models are then developed that estimate (a) the budgetary expenditure choices and (b) the health outcomes achieved by PCTs in the two selected programmes of care. In contrast to many previous studies, the model results show a strong positive impact of expenditure on health outcomes. Finally, from the model results the paper is able to offer a quantitative estimate of the current cost of a life year saved in the two programmes of care. The important policy implications of these findings are discussed in the concluding section.
Previous studies
In a comprehensive review, Nolte and McKee (2004) reported many studies that seek to estimate the impact of health care and other explanatory variables on some measure of health care outcome. Usually, this production function approach employs conventional regression analysis: for example, in an early cross-sectional study of 18 developed countries, Cochrane et al (1978) used regression analysis to examine the statistical relationship between mortality rates and GNP and consumption of inputs such as health care provision. They found that the indicators of health care inputs were generally not associated with outcomes in the form of mortality rates.
Thereafter, the failure to identify strong and consistent relationships between health care expenditure and health outcomes (after controlling for other factors) has become a consistent theme in the literature, whilst -in contrast -socioeconomic factors are often found to be highly associated with health outcomes (Nolte and McKee, 2004, p58; Young, 2001; St Leger, 2001 ).
However, Gravelle and Backhouse (1987) highlight the methodological difficulties associated with empirical investigation of the determinants of mortality rates. These include simultaneous equation bias and the associated endogeneity problem, and the lag between expenditure and outcomes that may occur. To avoid the difficulties imposed by data heterogeneity inherent in international analyses, the study by Cremieux et al (1999) examined the relationship between expenditure and outcomes across ten Canadian provinces over the fifteen-year period 1978-1992. They found that lower healthcare spending was associated with a significant increase in infant mortality and a decrease in life expectancy.
Although challenging the prevailing empirical orthodoxy, a difficulty with the Cremieux et al (1999) study is that the estimated regression equation consists of a mixture of potentially endogenous variables (such as the number of physicians, health spending, alcohol and tobacco consumption, expenditure on meat and fat) and exogenous variables (such as income and population density). The authors' chosen estimation technique (Generalized Least Squares) does not allow for this endogeneity and consequently the coefficients on the endogenous variables may be biased (Gravelle and Backhouse, 1987, p428 ). Or's (2001) study of the determinants of variations in mortality rates across 21 OECD countries between 1970 and 1995 may suffer from the same limitation. She finds that the number of doctors makes a substantial contribution to mortality reduction in OECD, but her estimation technique assumes that the number of doctors is exogenous. Nixon and Ulmann (2006) provide a detailed review of 16 studies that have examined the relationship between health care inputs and health outcomes, using macro-level data, and undertook their own study using data for 15 EU countries over the period 1980-1995. They employed three health outcomes measures -life expectancy at birth for males and females, and the infant mortality rate -and a dozen or more explanatory variables including: per capita health expenditure, number of physicians (per 10,000 head of population), number of hospital beds (per 1,000 head of population), the average length of stay in hospital, the in-patient admission rate, alcohol and tobacco consumption, nutritional characteristics, and environmental pollution indicators. Nixon and Ulmann conclude that although health expenditure and the number of physicians have made a significant contribution to improvements in infant mortality, '...health care expenditure has made a relatively marginal contribution to the improvements in life expectancy in the EU countries over the period of the analysis'. Again, however, the study does not allow for the possibility that some of the explanatory variables may be endogenous.
Although loosely based on the notion of a health production function, the traditional empirical studies described above have rarely been informed by an explicit theoretical model. This is understandable, as the processes giving rise to observed health outcomes are likely to be very complex, and any theoretical model will become unwieldy. However, it leads to an atheoretical search for measures demonstrating a statistically 'significant' associations with health outcomes. In contrast, in this study we seek to inform our empirical modelling with theory. We believe that this leads to a more convincing and better specified model of health outcomes.
Programme budgeting in England
The English National Health Service (NHS) is the archetypal centrally planned and publicly funded health system. Its revenue derives almost entirely from national taxation, and access to care is generally free to the patient. Primary care is an important element of the system, and general practitioners act as gatekeepers to secondary care and pharmaceuticals. The system is organized geographically, with responsibility for the local administration of the NHS devolved to the Primary Care Trusts. For the years relevant to this study, there were 303 PCTs with average populations of 160,000. PCTs are allocated fixed annual budgets by the national ministry, within which they are expected to meet expenditure on most aspects of health care, including inpatient, outpatient and community care, primary care and pharmaceutical prescriptions.
Traditionally, PCTs have reported expenditure on the basis of inputs (for example, total expenditure on pay and non-pay items). However, NHS policy makers have for some time realized that this approach does not create clinically meaningful financial data or help in the design and evaluation of programmes of patient care. It therefore initiated a 'Programme Budgeting' project which has sought to create an accounting system that is more aligned with the distinct outputs and health outcomes of the health system. Since April 2003, in addition to its conventional accounting data, each PCT has prepared expenditure data disaggregated according to 23 programmes of health care. These programmes are defined by reference to the International Classification of Diseases (ICD) Version 10 codes, and most programme budget categories reflect ICD 10 chapter headings (e.g., cancer and tumours, circulation problems, renal problems, neonates, problems associated with the skin, vision, hearing, etc). In some cases, the 23 categories are broken down into further sub-areas. For example, the large mental health category is broken down into 'substance abuse', 'dementia', and 'other'. The reported expenditure relates to all public expenditure on residents of a PCT, regardless of where the provider is located.
Programme budgeting seeks to allocate all types of PCT expenditure to the various programme budget categories, including secondary care, community care and prescribing. However, the system acknowledges that a medical model of care may not always be appropriate, and two specific non-clinical groups -'Healthy Individuals' and 'Social Care Needs' -have been created. These are intended to capture the costs of disease prevention programmes and the costs of services that support individuals with social rather than health care needs. In addition, it is in some cases not possible to assign activity by medical condition, preventative activity, or social care need, in which case expenditure is assigned to a category entitled 'Other'. The use of this category ensures all expenditure can be assigned to a programme of care (Department of Health, 2005a, p7) .
The aim of the programme budget classifications is to identify the entire volume of health care resources assigned to broad areas of illness according to the primary diagnosis associated with an intervention. It serves a number of purposes, most notably to assist in the local planning of health care. But for this study its crucial merit is that it opens up the possibility of examining the statistical relationship between local programme spending and associated disease-specific outcomes. The purpose of this paper is to integrate the rudimentary findings illustrated in this section into a coherent model of expenditure and outcomes, and to estimate the strength of the relationships suggested in the preceding paragraphs. To provide an analytic framework, the next section presents a theoretical model of PCT expenditure allocation across the 23 programme budgeting categories.
Theoretical model
We assume each PCT receives an annual financial lump sum budget y i from the national ministry, and that total expenditure cannot exceed this amount. The PCT must then decide how to allocate the expenditure across J programmes of care as expressed for example in improved local mortality rates, but at a diminishing rate.
That is:
We assume there is a PCT social welfare function W(.) that embodies health outcomes across the J programmes of care. Assuming no interaction between programmes of care, each PCT i allocates its total budget y i so as to maximise total welfare subject to local budget constraint and the health production functions for each programme of care:
It can of course quite plausibly be argued that decision-makers do not discriminate between health outcomes in different programmes of care, and that W(.) is merely the sum of such outcomes. However, there is no need for that assumption in our formulation.
This model implies that a PCT allocates its budget across the 23 programmes of care so that the marginal benefit of the last pound spent in each programme of care is the same. Solving the constrained maximisation problem yields the result that the optimal level of expenditure in each category, x ij * , is a function of the need for health care in each category (n i1 , n i2 ,..., n ik ), environmental variables affecting the production of health outcomes in each category (z i1 , z i2 ,..., z ik ), and PCT budget (y i ).
Thus, for each programme of care there exists an expenditure equation (3) explaining expenditure choice of PCTs and a health outcome equation (1) that models the associated health outcomes achieved. This paper seeks to estimate these equations empirically for two programmes of care.
Our model is static, in the sense that the health production function (2) assumes that all health benefits occur contemporaneously with expenditure. We acknowledge that for some programmes of care benefits might occur one or more years after expenditure has occurred. This is particularly likely to be the case for those programmes aimed at encouraging healthy lifestyles, where some benefits may occur decades after the actual programme expenditure. For other programmes, such as maternity/reproductive conditions and neonate conditions, benefits may be largely contemporaneous with expenditure. Furthermore, we do not model the decision maker's time preferences. For our empirical modelling, however, we are constrained by the data we have available, which are largely cross-sectional in nature. Implicitly we have to assume that the data represent a quasi long-run equilibrium position, and that relative expenditure levels and health outcomes within each PCT have been reasonably stable over a period of time. In the English context, this appears to be a reasonable assumption, although as panel data become available it will be come possible to develop a more dynamic model.
Model estimation
The theoretical model suggests the specification and estimation of a system of equations, with an expenditure and health outcome equation for each of the 23 programmes of care. In the absence of endogenous regressors the system would reduce to the estimation of seemingly related regressions. However, this approach makes infeasible data demands, requiring variables to identify expenditure, need, environmental factors and health outcomes in each of the 23 programmes of care. In the presence of endogenous expenditure and outcome data, the approach would further require a set of exogenous variables to act as instruments to identify the system.
At the time of writing the Department of Health has made available health outcome indicators for only two disease categories: cancer and circulatory problems. Further, we do not have convincing data on all the environmental factors likely to affect the production of health care. As a result, we concentrate on modelling these two large programmes of care separately. In line with our theoretical model, for each programme we specify the following reduced forms for models of expenditure (4) and health outcome (5):
Ideally we should use prevalence data as a basis for modelling clinical needs in the programmes of care. These are not available. We therefore proxy health care need in each of the cancer and circulatory disease models using the 'needs' component of the resource allocation formulae. The needs element of the Department of Health formula was specifically designed to adjust PCT allocations for local health care needs and accordingly, ceteris paribus, we would expect a positive relationship between expenditure il x and need il n for the two programmes of care. We would also expect a positive relationship between need and adverse health outcomes il h .
For each programme of care, we develop models using two alternative measures of health outcomes: the disease-specific standardized mortality ratio for those aged under 75, and a measure of the avoidable years of life lost (YLL) to the disease. The latter variable is calculated by summing over ages 1 to 74 years the number of deaths at each age multiplied by the number of years of life remaining up to age 75 years. The crude YLL rate is simply the number of years of life lost divided by the resident population aged under 75 years. Like conventional mortality rates, the YLL rate can be age-standardised to eliminate the effects of differences in population age structures between areas, and this is the variable employed in our study (Lakhani et al., 2006 p379)
The expenditure equations to be estimated also require us to use a proxy for needs across the other programmes of care. We therefore model need for competing programmes by the standardised mortality data in the other programme of care (this is of course treated as an endogenous variable). That is, for circulatory disease expenditure, we use the all age standardised mortality rate for cancer, and likewise for cancer expenditure, the all age standardised mortality rate for circulatory diseases is applied.
Our estimation strategy is as follows. First we estimate the reduced form models using OLS. Assuming exogeneity of health outcomes in the expenditure model (4), and of expenditure in the health outcome model (5) OLS is a consistent estimator of the model parameters. However, should these variables be endogenous, then we violate one of the assumptions of least squares as the endogenous variables will be correlated with the disturbance term in their respective model. We test for endogeneity using the test proposed by Durbin (1954 
Empirical results
Eight of the 303 PCTs were excluded from the analysis because they were subject to boundary changes in the year studied, leading to incomplete data. The analysis therefore uses 295 observations throughout. We first present results for the cancer programme of care in Table 2 . Columns under (1) present the OLS results for the two equations to be estimated using SMRs as the death measure and columns under (2) present comparable two-stage least squares results. Columns under (3) and (4) employ standardised years of life lost rates (SYLLs) rather than SMRs as the death indicator with (3) presenting two-stage least squares results and (4) containing comparable OLS results. All variables have been log transformed and accordingly parameter estimates can be interpreted as elasticities. <Table 2 about here> Consider first the OLS results under (1). These indicate that both the cancer death rate and cancer expenditure are positively correlated with need. However, while the results suggest that expenditure on cancer services is negatively related to cancer deaths, the effect is very small and fails to achieve significance. Expenditure on cancer is also negatively related to other calls on expenditure -the non-cancer death rate -as proxied here by the circulation death rate. The estimated coefficient suggest that a 10% increase in calls on other expenditures results in a 3.8% reduction in cancer expenditure. The OLS results under (4), which replace mortality rates with years of life lost rates, are very similar.
The second set of results (under (2)) present two-stage least squares estimates using SMRs as the outcome indicator. Our instrument set consists of the proportion of households that are lone pensioner households and the proportion of the population providing unpaid care. These instruments have intuitive appeal. The first stage regression of cancer expenditure on the instruments and the need for health care (as an exogenous regressor in the 2SLS model) reveals a positive and significant coefficient on lone pensioners and a negative but non-significant coefficient on the proportion of unpaid carers (see Table A2 in the appendix). The proportion of lone pensioners is likely to reflect an additional adjustment for health care need specific to an elderly and needy population. Unpaid care is a substitute for the provision of health care services and accordingly one may expect a negative relationship with expenditure.
Similarly for the cancer expenditure model, the first stage regression of the instrument set (including need and total budget) on circulatory deaths results in a negative coefficient on both instruments. A greater proportion of unpaid carers reflects an increased level of care (and perhaps increased compliance with care programmes and drug regimes) resulting in a decrease in circulatory deaths. Conditional on need and the total PCT budget, the negative coefficient on the proportion of lone pensioners may be indicative of areas with increased networks of social support, or reflect a selection effect, in the sense that areas with a low under 75 death rate may as a result have an older age structure.
The 2SLS results under (2) suggest that both cancer deaths and expenditure are more elastic with respect to health needs compared to the OLS results under (1). We further observe a large and positive relationship between total PCT budget and expenditure on cancer services, suggesting that a 10% increase in budget leads to a 8.7% increase in cancer expenditure. This implies that increases in budget may be distributed across programme budgets roughly in proportion to existing allocations, a rational finding that lends face validity to the model specifications. Expenditure is also highly responsive to need for non-cancer care (an elasticity of -0.576).
The main difference between the OLS and 2SLS results is the increased negative coefficient on cancer expenditure in cancer deaths equation. This change is to be expected as 2SLS treats expenditure as endogenous to health outcomes. The 2SLS results indicate that a 10% increase in cancer programme expenditure results in approximately a 4.9% reduction in adverse health outcomes, observed through cancer deaths.
There is clear evidence that the OLS model under (1) Results for circulatory diseases are shown in Table 3 . An important additional consideration in the modelling of circulatory disease was the failure of initial 2SLS models to pass the Sargan test for instrument validity in model (2) and the general specification tests when using years of life lost in model (3). Careful scrutiny of these results indicated that they arose from the failure to model expenditure satisfactorily in a small number of PCTs with high levels of non-white residents. The expenditure models were therefore re-estimated with an additional 'needs' variable, in the form of the percentage of the population in a 'white' ethnic group. This variable exhibited strong positive association with expenditure, other things equal, and its introduction led to a well-specified model. 5 6 In common with models for cancer, all circulatory models now appear well specified with valid and relevant instruments.
<Table 3 about here>
The two instruments used for cancer are used here augmented with the population weighted index of multiple deprivation (IMD 2000) . This is plausible, as circulatory disease is more related to disadvantage than cancer. Relationships between the instruments and the endogenous regressors similar to those found for cancer are observed here (see Table A3 in the appendix for the first-stage regressions). The 4 Lichtenberg (2004) estimated the marginal drug cost associated with an extra life year for someone diagnosed with cancer. He employed US panel data to estimate the relationship between drug expenditure and pharmaceutical vintages on cancer survival rates. Lichtenberg found that cancers for which the stock of drugs increased more rapidly tended to have greater increases in survival rates. New cancer drugs increased the life expectancy of people diagnosed with cancer by about one year from 1975 to 1995 and the estimated drug cost to achieve the additional year of life per person diagnosed with cancer was below $3000 at 1995 prices (Lichtenberg, 2004 In general, the set of estimated coefficients for circulatory problems are more elastic than their cancer counterparts. For example, a 10% increase in health need results in an increase in circulatory expenditure of between 5.8% (OLS using SYLL measures) and 12.8% (2SLS using SYLL measures). As we move from OLS to 2SLS we observe an increase in the absolute value of the estimated coefficients attached to the endogenous regressors. In particular, there is more than a three-fold increase in the estimated coefficient on circulatory expenditure. Further, the 2SLS coefficients of -1.387 and -1.427 imply that circulatory disease outcomes are more responsive to increases in expenditure than their cancer counterparts. Using either outcome measure, a 10% increase in expenditure is associated with a 14% reduction in the death rate. The coefficient on the non-circulatory mortality rate in the circulatory expenditure model also increases, from -0.400 for OLS to -1.052 for 2SLS.
The results of the 2SLS circulatory expenditure model for years of life lost can be used in an analogous manner to those for cancer to calculate the marginal cost of a life year lost. The circulatory expenditure coefficient of -1.427 implies that a 1% increase in expenditure gives rise to a 1.4% reduction in life years lost to circulatory disease. Our results are presented in terms of unadjusted life years. In order to give a very rough indication how they might be adjusted to yield quality-adjusted life years (QALYs), we have applied the utility scores made available by the HODaR project (HODaR, University Hospital of Wales) using the UK EQ-5D scoring algorithm.
Quality of life scores are available for by ICD10 codes and can be assigned to the programme budget categories used here. We have therefore simply assigned scores to each of the ICD10 categories with the programme budgeting areas of cancer and circulatory diseases where these match with the HODaR categories, and averaged the scores across the categories 7 . Using this method, for cancer expenditure cost of a QALY is £19,070, whilst for circulatory diseases the corresponding figure is £11,960.
We emphasize that these results are at best indicative and cannot offer an accurate calculation of a quality-adjusted life year saved, but they do suggest that the cost of a QALY from these programmes of care may be lower than many commentators have assumed.
8 7 Utility scores are available for ICD10 codes based on EQ-5D (HODaR). These are derived from a sample of 15,113 subjects accounting for more than 37,000 ICD10 observations (due to multiple diagnoses). Averaging utility scores across the ICD10 codes corresponding to the cancer programme of care (note that not all ICD10 codes corresponding to the cancer programme of care were represented in the HODaR sample) resulted in an average score of .689. The corresponding calculation for circulatory diseases is .669. Note that these are very rough estimates. To accurately calculate the cost of a qualityadjusted life year saved we would require utility scores for all of the programme budgeting ICD10 codes together with the number of patients assigned to each of these codes. We do not have full information on these. It is also noted that the utility scores may be based on small samples (five or more subjects). The utility scores were made available by Dr Craig Currie, Director and Senior Lecturer in Health Outcomes Research, HODaR, Cardiff Medicentre, University Hospital of Wales. 8 We are grateful to an anonymous referee for pointing out that these cost per QALY estimates may be biased upwards because they do not include the benefits to patients who receive treatment for but do not die from cancer or circulatory disease. Such treatment may improve the quality of life of those with these diseases but, if the treatment does not affect their mortality, its benefits will not be captured in our QALY adjusted cost of life estimates. The denominator in the cost of a life year saved calculation incorporates only deaths deferred within the relevant programme, and the associated life years gained are then quality adjusted using the HODaR data. Consequently, to the extent that they do not account for all of the benefits from the expenditure associated with a programme, the QALY adjusted cost of a life year saved estimates may be biased upwards.
Conclusions
This study shows that health care expenditure has a strong positive effect on outcomes in the two programmes of care investigated. Our estimates suggest that, relative to received wisdom, the marginal cost of a 'life year' saved is quite low, at approximately £8,000 for circulatory disease and £13,100 for cancer. 9 Incorporation of a rudimentary quality adjustment suggests that the corresponding costs of a QALY saved are respectively £11,960 and £19,020. These estimates are associated with quite large confidence intervals (especially for cancer), but they do appear to compare quite favourably with the sum of £30,000 for a quality-adjusted life year commonly attribute to NICE as the threshold for accepting new technologies.
There is clear evidence that expenditure on circulatory disease yields greater benefits in terms of life years than expenditure on cancer. This is to be expected. Recent developments in circulatory drug therapies (especially statins) are acknowledged to be highly cost-effective. Furthermore, a substantial element of cancer expenditure is devoted to palliative care, the benefits of which are unlikely to be measured to any great extent in increased life expectancy.
The models offer evidence of a strong substitution effect between expenditure on programmes of care. Other things being equal, expenditure on a specific programme is depressed in the face of higher need in other programme areas. Our results suggest that PCTs appear to be acting rationally by directing their budget to the programme areas that will yield greatest health benefit for their locality.
A by-product of the modelling has been the discovery of strong evidence of either lower levels of need or 'unmet' need amongst the non-white population in circulatory disease. This is signalled by the need to incorporate the 'white' ethnic group variable into the circulatory expenditure models. Further analysis of this finding is beyond the remit of this study, given the limited data available to us. However, the strength of the effect leads us to recommend that policy makers in England should examine with some urgency whether circulatory expenditure on 'non-white' ethnic groups is below that on their 'white' counterparts, after adjusting for clinical need.
The dramatic change in inference that arises from moving from the misspecified OLS models to the well-specified 2SLS models illustrates why proper econometric modelling is needed if the relationship between expenditure and health outcome is to be investigated correctly. The models and methods described here are essential if incorrect inferences are to be avoided. In particular, they suggest a far more marked influence of health care spending on health outcomes than is often indicated by more conventional analysis.
We nevertheless recognize that this study has a number of limitations. It uses limited health outcomes data (in the form of mortality data for just two programmes of care),
and we would hope that in time a greater range of outcome and epidemiological data will be made available in the future. Furthermore, we have modeled just a single year's data. In practice health outcomes are the results of years of expenditure by local
PCTs, and conversely current expenditure is expected to yield outcome benefits beyond the current year. Implicitly, our analysis assumes that PCTs have reached some sort of equilibrium in the expenditure choices they make and the outcomes they secure. This is probably not an unreasonable assumption, given the relatively slow pace at which both types of variable change. But a longer time series of data may enable us to model the effects with more confidence.
More generally, the English programme budgeting project is a major new data development. However, it is still under development, and there remain unresolved issues. Some health system expenditure is difficult to assign to programmes, most notably in primary care . Furthermore, accounting practice is variable, and we would recommend that programme budgeting accounts should in future be properly audited.
We nevertheless believe that programme budgeting is a major initiative that should be actively and vigorously promoted by other health systems. Most importantly, it brings together for the first time clinical data (in the form of health outcomes) and expenditure data. It therefore permits researchers to model links between health care expenditure and health outcomes in a much more secure manner than hitherto. It enables policy makers to make better informed decisions about where their limited budgets are best spent. And it can also help health technology assessment agencies determine whether their current cost-effectiveness threshold for accepting new technologies is set at an appropriate level. Table 1 Descriptive statistics by programme budget category per person all England, using cost adjusted expenditure by PCT, FY2004-05 
Descriptive statistics across PCTs are unweighted and, for any given PCT, its expenditure per head figures reflect its raw population adjusted for unavoidable cost variations. The coefficient of variation (CV) is a measure of dispersion and is calculated as the standard deviation divided by the mean. *The GMS/PMS figures exclude three PCTs for whom the reported expenditure figures are either zero or implausibly low. Note: Parentheses show standard errors for parameter estimates and p-values for the statistics. Instrument set for cancer expenditure consists of the proportion of households that are one pensioner household, the proportion of the population providing unpaid care and the population weighted index of multiple deprivation based on ward level IMD 2000 scores. The number of observations is 295 not 303. There are 8 missing PCTs because the variables used in the regression models were constructed at slightly different dates and between these dates there were a small number of PCT boundary changes. Table A1 Deaths considered amenable to health care
Deaths considered amenable to health care are defined as those from the following causes for the specific age groups stated. See http://www.nchod.nhs.uk/ for further details. Table A2 First-stage regressions for cancer 2SLS results presented in Table 2 -
--------------------------------------------------------------------------------------------------Cancer
Non-cancer Non-cancer expenditure deaths (SMR) deaths (SYLL) -------------------------------------------------------------------------------------------------- 
) --------------------------------------------------------------------------------------------------
Notes: the test statistic is an F statistic testing the hull hypothesis that the coefficients on the instruments that are excluded from the second-stage regression are equal to zero. % lone pensioner = the proportion of households that are lone pensioner households and % unpaid carers = the proportion of the population providing unpaid care (according to the 2001 Census, a person is a provider of unpaid care if they give any help or support to family members, friends, neighbours or others because of longterm physical or mental ill-health or disability, or problems relating to old age). Table A3 First-stage regressions for circulatory 2SLS results presented in Table 3 -
----------------------------------------------------------------------------------------------------
Circulatory Non-circulatory Non-circulatory expenditure deaths (SMR) deaths (SYLL) ---------------------------------------------------------------------------------------------------- 
) -----------------------------------------------------------------------------------------------------
Notes: the test statistic is an F statistic testing the hull hypothesis that the coefficients on the instruments that are excluded from the second-stage regression are equal to zero. % white ethnic group = proportion of the population in a 'white' ethnic group, % lone pensioner = the proportion of households that are lone pensioner households, and % unpaid carers = the proportion of the population providing unpaid care (according to the 2001 Census, a person is a provider of unpaid care if they give any help or support to family members, friends, neighbours or others because of long-term physical or mental ill-health or disability, or problems relating to old age).
